Many countries do not have the resources to develop epidemiological models of animal diseases. As a result, it is tempting to use models developed in other countries. However, an existing model may need to be adapted in order for it to be appropriately applied in a country, region, or situation other than that for which it was originally developed. The process of adapting a model has a number of benefits for both model builders and model users. For model builders, it provides insight into the applicability of their model and potentially the opportunity to obtain data for operational validation of components of their model. For users, it is a chance to think about the infection transmission process in detail, to review the data available for modelling, and to learn the principles of epidemiological modelling. Various issues must be addressed when considering adapting a model. Most critically, the assumptions and purpose behind the model must be thoroughly understood, so that new users can determine its suitability for their situation. The process of adapting a model might simply involve changing existing model parameter values (for example, to better represent livestock demographics in a country or region), or might require more substantial (and more labour-intensive) changes to the model code and conceptual model. Adapting a model is easier if the model has a user-friendly interface and easyto-read user documentation. In addition, models built as frameworks within which disease processes and livestock demographics and contacts are flexible are good candidates for technology transfer projects, which lead to long-term collaborations.
Introduction
Models of highly contagious diseases are increasingly being used in many countries of the world to support contingency planning efforts (1, 4, 5, 16, 20) and to study ongoing (3, 11) or past epidemics (7, 13) . Some models are developed for quite specific circumstances: they might be developed for use in a specific region or country, for a specific disease, or based on a specific epidemic. Other models are more generic, in that they allow the simulation of highly contagious diseases in different populations, regardless of their location in the world.
The process of building models for infectious diseases is dependent on various factors, such as the objective or scope of the model, the disease status of the country developing the model, the experience of the country in responding to such diseases, the availability of data and knowledge to build and validate the model, and the experience of the modellers themselves (18) . The choice of the approach used for modelling (for example, deterministic or stochastic, mathematical or simulation, spatial or non-spatial) will be affected by all these factors. As a result, models developed may range from very specific models targeting a specific disease, or even a specific epidemic in a defined population, to general model frameworks that can be used to model a variety of highly contagious diseases and populations.
The model-building process also requires resources, including: -individuals with specialised skills in computer programming, epidemiology, economics, sociology, and mathematics -funds to support model development and evaluation -funds to support data collection and analysis if required -training opportunities for users of the tools developed (these kinds of resources are not available in all regions of the world).
As model building is a resource-intensive process, models developed in one country or region might be considered and used by other countries or regions. This type of collaboration has been facilitated by the ease of global communications and the development of virtual work collaborations.
In some situations, it may be helpful to 'adapt' a model to represent the characteristics of disease transmission in a country other than in its country of origin. The process of adaptation might include a number of different processes that fall into two general categories: a) adapting the parameter values used to inform the model, or b) more fundamentally altering the conceptual model so that it better fits the new situation in the other country.
How these changes are implemented is highly dependent on how the model was built. This paper discusses the benefits of using existing models in situations they were not originally designed for and examines the ways in which they may need to be adapted for these types of circumstances. The authors use different examples from the literature and from their own experiences in using the North American Animal Disease Spread Model (NAADSM) (5).
Benefits of using already existing models in countries other than the country of origin There can be great benefits for both the model builders and for the users of these models. For the model builders, using existing models might allow them to have access to data not available in their own country to support improvements to, or testing of, their own models. For example, data on animal movements might be available in the recipient country which can be used to evaluate how contacts are represented in the model. This type of work can also provide modellers and epidemiologists who usually work in disease-free countries with experience of working in countries where disease is endemic. Moreover, by having the model reviewed by experts in the field, this process can also be used as a validation of the conceptual model on which the model was built, which will help increase the level of confidence in model outputs. Finally, when an existing model is used in another country as a tool to assist eradication and control measures, the global risk of transmission of an infection is further diminished.
For the recipient country, this is a great opportunity to build technical expertise in epidemiological modelling and to think about the disease transmission process and control of diseases in a structured way. The process of developing parameters for epidemiological models pushes one to think about the epidemiology of the disease and also about the response mechanisms in place. Using a model will not only assist countries to respond in outbreak situations, but can be a valuable tool to guide future response strategies. Collaborations among developers and end-users of disease spread models lead to increased inter-disciplinary access to specialists who can provide guidance and advice by analysing outbreak data, livestock movement databases and other data required to develop parameters for epidemiological models. Finally, using an existing model is a low-cost, quickly available alternative to developing a brand-new model.
The process of model building and potential for adaptation
A modelling exercise typically starts with a clearly stated question or purpose. This purpose might be researchoriented: for example, a modelling study might be undertaken to develop an understanding of the epidemiology of a disease, or to conduct a retrospective analysis of an outbreak to understand how the disease spread and what could have been done differently to control the outbreak. The question might also be motivated primarily by policy: for example, what are the benefits and costs associated with using vaccination against foot and mouth disease (FMD) during an outbreak in a previously FMD-free country? Depending on the question, the level of knowledge of the epidemiology of the disease, and the data available to inform a model, very different models can be built, ranging from simple deterministic models to complex spatial simulation models. Taylor (18) , in his review of the use of models in informing disease control policy, provided a table (based on the work of Holling) (6) showing how the level of epidemiological knowledge and the quantity/quality of data will define the types of questions that can be answered with a model (Table I) . If the level of knowledge is high and good quality data are available in sufficient quantities, reasonably reliable predictions are possible. When considering the use of an already existing model in another region or country, the first task is to carefully evaluate the assumptions behind the model, and to determine whether the model was built for a purpose that is compatible with the needs of the recipient country. For example, a model built for contingency planning might not be suitable for making tactical decisions during an outbreak. Then, it is important to determine the level of adaptation that will be required. A distinction should be made between simply changing the value of parameters to represent the local situation and making modifications to the structure and computer code of the model, which can be labour intensive and require specialised programming skills. The process of changing parameter values may also be labour intensive, depending on how they are included in a model. 'Hard-coded' parameters (i.e. those included directly in computer code) will be more difficult to change than parameters passed to the model in the form of data files (the existence of a user-friendly model interface can simplify this process). In addition, the availability and quality of data must be evaluated in the context of the model to be used, to determine if these data are applicable in the receiving country. Although situations where data are lacking are more typical, it is possible to encounter the opposite problem: the recipient country might have a level of detail in their data that cannot be accommodated by an existing model, and the implications of the loss of this detail should be considered before using the model.
It is also important to consider the geographical area of application of a model. Do we want to use the model to represent only a specific area in a country that is experiencing a disease outbreak? Or in a region that is very important economically? Or do we want to use this model anywhere in the country, or in the world? A modelling framework built to be used in a specific area of a country might include specific parameters for that area, but might only require slight changes in its computer code to be able to represent other areas with different parameters. An example of this is the model developed by Bates et al. (1) , which included parameters collected in a three-county region of California. The rates used in their study are therefore not necessarily applicable to other regions of the United States, but the modelling concepts and framework could be used with other parameters.
Examples of adapting epidemiological models in other countries
Three examples will be discussed in this paper. First, the authors describe a study that used a model built specifically for the 2001 epidemic of FMD in the United Kingdom (UK) which was later applied in Denmark. Secondly, they present some examples of the use of InterSpread Plus, a model framework used in various countries of the world. Lastly, they present how the NAADSM has been used in different countries in South America.
A number of models were built in 2001 in the UK to support response efforts to the FMD outbreak (3, 8, 9, 11) . The model by Keeling et al. (11) was subsequently modified and used to support contingency planning for future outbreaks in the UK (10, 20 From the model builders' perspective, the objectives of the project were to:
-obtain experience in understanding the epidemiology of FMD in South America -test NAADSM' s ability to represent the demographics and the contact structure among livestock holdings in the region -further assess the conceptual validity of the model through expert review -obtain data to support improvements to the model. The model was provided with a Spanish user-interface and various issues were discussed, with five code modifications and enhancements recommended for NAADSM to be used in South America and to properly represent the different epidemiological conditions of FMD in the region. The main issue discussed was the importance of appropriately representing the different production systems found in South America in terms of their contact parameters, their husbandry and management attributes. These factors are known to be very important in the transmission of FMD in the region.
The two-year project led to the completion of two pilot studies using NAADSM, one in Chile (15) and one in Brazil, each of which evaluated FMD spread in a specific region. As a result of this project, the model was improved, or is in the process of being improved, so that it will be able to represent within-herd spread of infection and take account of variable vaccine efficacy and coverage. This collaboration has resulted in an increase in confidence in the capacity of NAADSM to model FMD and it is currently being used as a preparedness tool in different countries in South America, with ongoing collaborations with the NAADSM development team.
Requirements for adapting models to other countries
Several factors are important to consider when deciding whether to adapt a model and which model to adapt. The recommendations provided in this paper are based on the authors' experience of building and using models.
First and foremost, the model-building process must be transparent in order for the model to be easily transferred or used by local experts. This means that all assumptions must be clearly documented and refined as the model is being adapted. These assumptions must be available for review by the experts and decision-makers who use the outputs of the modelling studies. The models to be adapted must have gone through a series of evaluations in order to be verified and, as much as is possible, validated for the purpose for which they were built. The reader is referred to Reeves et al. in the current issue for a discussion of model verification and validation (14) .
For a model to be easy to use in another country it must have an easy-to-read and easy-to-understand model description that can be used in training initiatives in the other country and as a guide for future use. Ideally, the model should have an easy-to-use interface in which users may change parameters to represent different outbreaks or diseases or populations. Having such an interface will enable technology transfer projects which are interesting in the long term. Users should be aware, however, that an easy-to-use interface may convey a false sense of ease or simplicity regarding the modelling process: the presence of a simple user interface is not a substitute for the development of a thorough understanding of the assumptions of the conceptual model. Again, having a proper and detailed user's guide and supporting documents can lead to very successful application.
The more flexible the model, the easier it will be to adapt in other countries and to be part of technology transfer projects. First, it must be able to represent the differences in livestock demographics, management practices, livestock movements and other contacts that are important for infection spread. Spatially explicit models, for example, can take into account different spatial distributions and densities of livestock populations. Network-based models can take into account the topology of livestock movement networks in order to represent this level of heterogeneity, if it is judged to be important. The model must also be able to deal with different strains of the infectious disease agent under study, if applicable, and also provide different starting conditions for the start of outbreaks. This ensures greater flexibility for the application of the model. The model must also be able to take account of differences in susceptibility, infectivity and clinical signs by species, if applicable. Finally, it must include various possibilities for control measures, and combinations of these measures, that are appropriate for the country or region in which the model will be used and for the purpose for which the model was developed.
Ideally, the model should be easily accessible to the receiving country, preferably offered in the country' s official language and available on the internet for easy access. Training must be provided to ensure maximum benefit for local experts and users, and translation services are vital in these situations. Training needs, such as courses in basic epidemiology or data analysis, must be identified and met in order for potential users to properly use and interpret models and their outputs.
Depending on the goal and duration of the project, modellers should aim for long-term capacity-building and provide ongoing support to their colleagues in countries have the resources to use the models themselves. In countries that do not have the resources, modellers should aim for shorter-term collaborative projects.
Conclusions
The level of adaptation required in a model depends on the type of model. Was it built for a specific disease, epidemic, or region? Or was it built as a model framework that allows flexibility in parameterisation? It will also depend on the quantity and quality of data available in the receiving country. It will depend crucially on the objective of the modelling project: is the aim to use the model for an objective that is different from the one for which the model was designed?
We must first evaluate what is required to adapt a model for use in another country or region. It can mean something simple, such as changing the values of some parameters. In this case, local expertise will be very important to develop these parameters, which should be based on data from the country in which the model will be employed. If the model has an easy-to-use user interface or offers a documented data file format for model input, the user might be able to make the changes him-or herself without the need for the model developer. In this situation, training becomes very important, as users of the model need to be aware of the assumptions and limitations of the model.
Adaptation may also mean modifying the code of the model to reflect the different livestock management systems, spread mechanisms, or outputs required by the user. In such a situation, model builders should work closely with experts to adapt their models, which will require more funds and time. For this reason, it is important to determine whether there are the resources and expertise in the receiving country to perform modelling work, or whether the goal of a potential collaboration is to provide long-term capacity-building, so that local experts can continue to use the tool once the collaboration on a specific project is complete.
One of the most basic benefits of modelling studies is that they force model builders and model users to think carefully and critically about their systems of interest. The process of building epidemiological models for animal diseases leads to a greater understanding of the livestock demographics, contact structure, mechanisms for spread of infection, and resources needed for disease control in the region or country where modelling will be applied. Therefore, it represents a great learning opportunity for both modellers and local experts. It is a very rewarding, challenging and educational opportunity, as it forces the modellers to think about their model' s design and to make adjustments; models will almost certainly be improved as a result. Resumen A menudo los países carecen de recursos para elaborar modelos epidemiológicos de las enfermedades animales, en cuyo caso resulta tentador utilizar un modelo creado en algún otro país. Sin embargo, a veces es necesario adaptar un modelo ya existente antes de poder aplicarlo debidamente en un país, región o contexto distintos de los que determinaron su concepción original. El proceso de adaptar un modelo presenta una serie de ventajas tanto para los creadores como para los usuarios del modelo en cuestión. Para sus creadores no sólo aporta información sobre la aplicabilidad del modelo, sino que también puede ser la ocasión de obtener datos para la validación operativa de algunos de sus componentes. Para los usuarios, supone la oportunidad de reflexionar en detalle sobre el proceso de transmisión de la infección, pasar revista a los datos existentes para la elaboración de modelos y familiarizarse con los principios de la modelización epidemiológica. Al contemplar la posibilidad de adaptar un modelo hay que tener en cuenta varios aspectos. Lo más importante es que los nuevos usuarios entiendan cabalmente las premisas y los fines que subyacen al modelo y puedan así valorar hasta qué punto son aplicables a su propia situación. El proceso de adaptación puede entrañar simplemente la modificación de los valores de los parámetros (por ejemplo, para representar 
Mots-clés
Modélisation épidémiologique -Transfert de technologie -Utilisation de modèles.
mejor la demografía ganadera del país o la región) o requerir cambios más sustanciales (que exigen más personal y dedicación) en el código y los fundamentos teóricos del modelo. La adaptación será más sencilla cuando el modelo ofrezca una interfaz de fácil manejo y se acompañe de documentación accesible. Por otra parte, los modelos concebidos como un marco general en el que se inscriben de forma flexible los procesos infecciosos, la demografía ganadera y los contactos entre animales son buenos candidatos para proyectos de transferencia de tecnología, que generan relaciones de colaboración a largo plazo.
